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TRANSFER CASK SYSTEM HAVING within the annular air passageway ; and dispersing the air 
PASSIVE COOLING from an opening at a top end of the transfer cask . 

Other embodiments , systems , methods , features , and 
BACKGROUND advantages of this disclosure will be or become apparent to 

5 one with skill in the art upon examination of the following 
Spent nuclear fuel can be stored in reservoirs of water drawings and detailed description . It is intended that all such 

referred to as a spent nuclear fuel pool . Spent nuclear fuel additional systems , methods , features , and advantages be 
assemblies can be immersed or stored in the spent nuclear included within this description and be within the scope of 
fuel pool until such time as appropriate thermal and / or the present disclosure . 
radioactivity conditions have been met , at which the assem - 10 
blies can be transferred into transport and / or dry storage BRIEF DESCRIPTION OF THE DRAWINGS 
systems for off - site storage . As a spent nuclear fuel pool 
reaches capacity , it can be desirable to remove spent nuclear Many aspects of the present disclosure can be better 
fuel assemblies and transfer one or more assemblies to understood with reference to the following drawings . The 
on - site or off - site storage . On - site or off - site storage of spent 15 components in the drawings are not necessarily to scale , 
nuclear fuel can involve transferring the spent nuclear fuel emphasis instead being placed upon clearly illustrating the 
assemblies using a transfer cask to a storage cask and / or principles of the disclosure . Moreover , in the drawings , like 
transport cask that is hardened against accidents that may reference numerals designate corresponding parts through 
occur during storage or transport . out the several views . 

20 FIG . 1 is a drawing of an example of a transfer cask 
SUMMARY according to various embodiments of the present disclosure . 

FIG . 2 is a drawing of an example of a cross - sectional 
Included are systems and methods for cooling spent view of the transfer cask of FIG . 1 according to various 

nuclear fuel during the transfer from wet to dry storage . One embodiments of the present disclosure . 
embodiment of a system , among others , includes a transfer 25 FIG . 3 is a drawing of an example of an inlet ring of the 
cask system that implements passive cooling , comprising a transfer cask of FIG . 1 according to various embodiments of 
first cylindrical container having a first side wall , a first top , the present disclosure . 
and a first bottom that define a first interior that contains FIG . 4 is a drawing of an example of the transfer cask of 
spent nuclear fuel ; and a second cylindrical container having FIG . 1 having a spent nuclear fuel canister inserted therein 
a second side wall , a second top , and a second bottom that 30 according to various embodiments of the present disclosure . 
define a second interior that contains the first cylindrical FIG . 5 is a drawing of an example of a cross - sectional 
container , the second side wall being spaced from the first view of the transfer cask containing the spent nuclear fuel 
side wall to define an annular air passage , the second side canister of FIG . 5 according to various embodiments of the 
wall having air inlets near the second bottom and an opening present disclosure . 
at the second top that permit air to flow from the air inlets , 35 FIG . 6 is a drawing of an example of a cross sectional 
through the annular air passage , and to the opening to view of the transfer cask containing the spent nuclear fuel 
thereby remove heat by convection from the first cylindrical canister of FIG . 4 and taken along line 6 - 6 of FIG . 1 , 
container . showing the air flow through the annular air passageways of 

Another embodiment of a system , among others , includes the transfer cask according to various embodiments of the 
a transfer cask system that implements passive cooling , 40 present disclosure . 
comprising a first elongated cylindrical container having a FIG . 7 is a drawing of an example of the transfer cask 
first annular side wall , a first top , and a first bottom that containing the spent nuclear fuel canister of FIG . 4 posi 
define a first interior that contains spent nuclear fuel ; a tioned over a storage or transport cask for transfer of the 
second elongated cylindrical container having a second canister according to various embodiments of the present 
annular side wall , a second top , and a second bottom that 45 disclosure . 
define a second interior that contains the first cylindrical FIGS . 8 - 9 are flowcharts illustrating methods according to 
container , the second annular side wall being spaced from various embodiments of the present disclosure . 
the first annular side wall to define an elongated cylindrical 
annular air passage , the second annular side wall having air DETAILED DESCRIPTION 
inlets near the second bottom and an air outlet near the 50 
second top that permit air to flow from the air inlets , through In the following discussion , a general description of 
the annular air passage , and to the air outlet to thereby systems and methods according to various embodiments of 
remove heat by convection from the first elongated cylin - the present disclosure is provided , followed by a discussion 
drical container ; and an annular neutron shield associated of the operation of the same . Embodiments of the present 
with the second annular side wall , the shield designed to 55 disclosure relate to spent nuclear fuel transfer systems used 
absorb heat produced by the first elongated cylindrical to transfer spent nuclear fuel from wet storage to dry storage . 
container . More specifically , disclosed herein are novel approaches to 

Also included is at least one embodiment of a method for the implementation of transfer casks that can increase the 
passively cooling spent nuclear fuel during transfer from wet efficiency of removal and transfer of spent nuclear fuel from 
storage to dry storage , the method comprising receiving air 60 such a pool to an appropriate dry storage system . 
at air inlets near a bottom end of a transfer cask ; guiding the When an operating reactor is shut down for refueling , 
air , via the air inlets , to an annular air passageway defined by spent nuclear fuel is stored in a spent nuclear fuel pool to 
spacing components protruding from an interior side wall of allow for the thermal and radioactivity levels of the spent 
the transfer cask , the interior side wall , and an exterior side nuclear fuel to decrease . As a spent nuclear fuel pool reaches 
wall of a container disposed within an interior of the transfer 65 capacity , the spent nuclear fuel stored in the spent nuclear 
cask , the container containing spent nuclear fuel ; transfer - fuel pool that have reached the appropriate thermal and / or 
ring heat emitted from the container by convection to the air radioactive levels for removal can be removed from the pool 
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and transferred to a dry storage system so that additional embodiments , the transfer cask may be employed with a 
spent nuclear fuel assemblies that are used by a reactor can liquid shielding that not only is used to shield the radiation 
be immersed in the spent nuclear fuel pool . The spent generated from the spent nuclear fuel , but also used to 
nuclear fuel may be assembled and stored in spent nuclear passively cool the canister by serving as a conductor , thereby 
fuel assemblies , for example , but not limited to , the spent 5 allowing the heat to escape radially . 
nuclear fuel assemblies provided in U . S . patent application Referring now to FIG . 1 , shown is a drawing of an 
Ser . No . 13 / 395 , 712 , filed on Sep . 15 , 2010 and entitled example of a transfer cask 100 according to various embodi 
“ System and Method for Integration of Wet and Dry Nuclear ments . The transfer cask 100 shown in FIG . 1 includes a 
Fuel Storage , ” which is hereby incorporated by reference in cylindrical transfer cask body 103 . It should be understood 
its entirety . 10 that there may be other cross - sectional shapes for the 

A dry storage system may include concrete storage casks transfer cask body 103 such as , for example , square , rect 
in which properly conditioned and sealed metal canisters angular , octagonal , triangular body , etc . , as well as a variety 
that include the spent nuclear fuel are inserted . A storage of lengths . The transfer cask body 103 comprises a side wall 
cask or transport cask serves as an enclosure or overpack that defines an interior channel that extends from a top end 
structure that provides mechanical protection , heat removal 15 of the transfer cask body 103 to a bottom end of the transfer 
features , and radiation shielding for the inner metal canister cask body 103 . The top end of the transfer cask 100 includes 
that encloses the spent nuclear fuel . In most dry storage an opening 102 to the channel . Accordingly , the transfer cask 
systems used with wet storage ( e . g . immersion in a spent 100 may receive the spent nuclear fuel for transfer via the 
nuclear fuel pool ) , the spent nuclear fuel at the time of opening of the top end of the transfer cask 100 . The transfer 
discharge from a reactor emanates high levels of heat and 20 cask 100 further includes an inlet ring 106 , a transfer door 
radiation due to radioactive decay , levels that are higher than 109 , one or more lifting components 112 and one or more 
dry storage systems can efficiently and economically store spacing components 115 . The inlet ring 106 is adjacent to the 
Therefore , discharged spent nuclear fuel must spend some bottom end of the transfer cask body 103 . As will be 
amount of time in the spent nuclear fuel pool until the discussed in greater detail in reference to FIG . 3 , the inlet 
radioactive decay and associated heat has reached levels 25 ring 106 provides one or more air inlets 118 for naturally 
sufficiently low enough so that dry storage technology can receiving air that will be guided into the interior of the 
be used . This period of time for required storage in the spent transfer cask 100 . A transfer door 109 is disposed at the 
nuclear fuel pool can be 3 to 10 years or more . bottom end of the transfer cask 100 adjacent to the inlet ring 
When spent nuclear fuel is suitable for dry storage , a 106 such that the inlet ring 106 is situated between the 

transfer cask may be employed to transfer the spent nuclear 30 transfer door 109 and the bottom end of the transfer cask 
fuel from the nuclear fuel pool to the transport and / or storage body 103 . When closed , the transfer door 109 provides a seal 
cask associated with a dry storage system . During the at the bottom end of the transfer cask 100 . The transfer door 
transfer process , the transfer cask may be submerged in a 109 may comprise one or more doors and is configured to be 
transfer area of the nuclear fuel pool . The transfer cask is opened and closed . In a non - limiting example , the transfer 
configured to accept a spent nuclear fuel canister having the 35 door 109 may be closed to receive and support the spent 
spent nuclear fuel disposed therein . The transfer cask may be nuclear fuel from the wet storage into the transfer cask 100 . 
lifted from the nuclear fuel pool to allow for proper condi - In another non - limiting example , the transfer door 109 may 
tioning of the canister for dry storage . For example , final be opened when transferring the spent nuclear fuel from the 
closure lids of the canister may be welded closed or sealed transfer cask 100 to the transport or storage cask 703 ( FIG . 
with mechanical methods at the power plants . Once the 40 7 ) . The transfer door 109 comprises one or more support 
spent nuclear fuel canister is properly conditioned and rails 119 that are designed to engage with positioning slots 
sealed , the transfer cask may be used to transfer the canister 303 ( FIG . 3 ) of the inlet ring 106 . The support rails 119 
to a transport and / or storage cask associated with a dry further support the bottom end of the spent nuclear fuel 
storage system . canister 403 ( FIG . 4 ) when disposed within the transfer cask 

Although the thermal and radioactive levels of the spent 45 100 . In some embodiments , the transfer door 109 may 
nuclear fuel may be sufficiently low enough to employ dry comprise a neutron shielding configured to shield any radia 
storage technology , the levels may increase without proper tion emitted from the spent nuclear fuel , thereby avoiding an 
cooling and shielding features during the transfer process increased risk of radiation exposure and / or accident during 
since the spent nuclear fuel canister is no longer in the spent the conditioning and transfer process . 
nuclear fuel pool . To avoid an increase of thermal and / or 50 The lifting components 112 may be situated along the 
radioactive levels during the removal of the spent nuclear exterior of the transfer cask 100 . The lifting components 112 
fuel from the spent nuclear fuel pool , the spent nuclear fuel are designed such that a lifting device 706 ( FIG . 7 ) , such as , 
is required to be cooled and shielded . for example , a crane , may connect to the lifting components 

Accordingly , embodiments of the present disclosure are 112 and support the transfer cask 100 during the transfer 
directed to spent nuclear fuel transfer systems and methods 55 process . For example , the lifting device 706 may be used to 
that provide a more efficient transfer of spent nuclear fuel submerge the transfer cask 100 into a transfer area in the 
from wet storage to dry storage . In some embodiments , the pool for receiving the spent nuclear fuel , lift the transfer cask 
transfer cask may be employed with air vents to allow for 100 out of the pool for conditioning , and position the 
passive cooling during the conditioning and transfer process , transfer cask 100 over the transport or storage cask 703 for 
thereby avoiding an increase of thermal temperature making 60 placement of the spent nuclear fuel into the transport or 
the nuclear fuel no longer suitable for dry storage . Further , storage cask 703 . 
in some embodiments , the transfer cask may be designed The spacing components 115 are attached to the interior 
with neutron shielding configured to shield radiation emitted side wall of the transfer cask body 103 . The spacing com 
from the spent nuclear fuel , thereby avoiding an increased ponents 115 may extend from about a top end of the transfer 
risk of radiation exposure and / or accident during the con - 65 cask body 103 to about the bottom end of the transfer cask 
ditioning and transfer process . The neutron shielding may be body 103 . There may be one or more spacing components 
a liquid neutron shield or a solid neutron shield . In some 115 attached to the interior side wall of the transfer cask 
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body 103 . The spacing components 115 are designed to air inlets 118a , 118 , 118c , 118d , 118e , 118f , 118g , 118h 
protrude from the interior side wall of the transfer cask 100 ( referred to hereinafter as “ 118 ” ) extending from an exterior 
such that annular regions extending from the bottom end of surface of the inlet ring 106 to the interior surface of the inlet 
the transfer cask 100 to the top end of the transfer cask 100 ring 106 . As illustrated by the directional arrows in FIG . 3 , 
are formed when a spent nuclear fuel canister 403 ( FIG . 4 ) 5 air received at the inlet opening at the exterior surface of the 
is placed within the transfer cask 100 . As such , air received inlet ring 106 travels through the inlet ring 106 to the inlet 
at the air inlets 118 of the inlet ring 106 may be guided into opening at the interior surface of the inlet ring 106 . Although 
the annular regions defined by the spacing components 115 , the inlet ring 106 of FIG 3 comprises eight air inlets 118 
the interior side wall of the transfer cask 100 , and the inlet ring 106 may be configured with additional or fewer air exterior side wall of the spent nuclear fuel canister 403 . The 10 inlets 118 so long as air is still received by the defined annular regions enable convective heat flow for the dissi annular regions . The inlet ring 106 may further comprise pation of thermal energy , thereby passively cooling the spent positioning slots 303 which are designed to guide the nuclear fuel . 
Moving on to FIG . 2 , shown is a drawing of a non support rails 119 of the transfer door 109 when opening and 

limiting example of a cross - sectional view of the transfer 15 closing the transfer door 109 . The support rails 119 further 
cask 100 of FIG . 1 according to various embodiments . The support the bottom end of the spent nuclear fuel canister 403 
transfer cask 100 includes the transfer cask body 103 ( FIG . 4 ) when disposed within the transfer cask 100 . 
including an interior side wall and an exterior side wall . As With reference now to FIG . 4 , shown is a drawing of a 
shown , the top end of the transfer cask 100 is open to the non - limiting example of the transfer cask 100 including a 
interior channel defined by the interior side wall of the 20 spent nuclear fuel canister 403 disposed within according to 
transfer cask body 103 . The interior side wall of the transfer various embodiments . The spent nuclear fuel canister 403 
cask body 103 includes spacing components 115 protruding comprises a cylindrical canister body that is configured to be 
from the interior side wall and extending from about the inserted within the transfer cask 100 . Disposed within the 
bottom end of the transfer cask body 103 to about the top end spent nuclear fuel canister 403 is the spent nuclear fuel that 
of the transfer cask body 103 . In addition , shown are the air 25 has been deemed suitable for dry storage . The spent nuclear 
inlets 118 within the inlet ring 106 that is positioned adjacent fuel may be within a spent nuclear fuel canister 403 during 
to the bottom end of the transfer cask body 103 . As illus the wet storage process or may be transferred to the spent 
trated by the directional arrows shown in FIG . 2 , air may nuclear fuel canister 403 at any time prior to the removal 
enter via the air inlets 118 at the exterior side surface of the from the fuel pool . Although , FIG . 4 illustrates the spent 
inlet ring 106 and exit the interior side surface of the inlet 30 nuclear fuel within a spent nuclear fuel assembly 406 , it 
ring 106 and , thus , into the interior of the transfer cask 100 . should be understood that the spent nuclear fuel may be The transfer cask 100 may also comprise a neutron shield 
203 for shielding radiation emitted from spent nuclear fuel stored within the spent nuclear fuel canister 403 according 
during the transfer from wet storage to dry storage via the to other appropriate arrangements . 
transfer cask 100 . A neutron shield 203 reduces the risk of 35 As previously discussed , the transfer cask 100 may be 
radiation exposure and / or accident during the conditioning used to transfer the spent nuclear fuel from wet storage to 
and transfer process . The transfer cask 100 of FIG . 2 dry storage . The transfer cask 100 may be submerged into a 
comprises a liquid shielding within the interior and exterior transfer area of the nuclear fuel pool containing the spent 
side walls of the transfer cask body 103 . The liquid shield nuclear fuel . The transfer cask 100 is configured to accept 
ing , may comprise one or more compartments within the 40 the spent nuclear fuel canister 403 having the spent nuclear 
transfer cask body 103 which contains water and / or other fuel disposed therein . The spent nuclear fuel canister 403 
type of appropriate liquid for shielding radiation . Since may also include a closure lid ( not shown ) which may be 
neutrons may be slowed and the chemical bonds broken placed over the top end of the spent nuclear fuel canister 403 
upon interaction with the hydrogen of the water , the water and properly sealed prior to the removal from the fuel pool . 
shields the emitted radiation . In addition to shielding radia - 45 The closure lid may be comprised of metal or other suitable 
tion emitted from spent nuclear fuel , the liquid shield may material , and may further be equipped with shielding mate 
also be used to passively cool the spent nuclear fuel by rial to shield radiation emitted from the spent nuclear fuel . 
serving as a conductor and , thus , allowing any heat to escape Moving on to FIG . 5 , shown is a drawing of a non 
radially from the transfer cask 100 . limiting example of a cross - section of the transfer cask 100 

Although the neutron shield 203 shown in FIG . 2 , is a 50 including the spent nuclear fuel canister 403 disposed within 
liquid shield , the transfer cask may comprise solid shielding , according to various embodiments . As illustrated , the spent 
such as , for example , a modular shielding system compris - nuclear fuel canister 403 is disposed within the transfer cask 
ing modular fins may be used to shield neutrons and dissi - 100 such that the interior side walls of the transfer cask 100 
pate thermal energy from the cask body . An example of a surround the exterior wall of the spent nuclear fuel canister 
solid neutron shield is discussed in greater detail in U . S . Pat . 55 403 and the bottom end of the spent nuclear fuel canister 403 
No . 7 , 342 , 989 , issued on Mar . 11 , 2008 , and entitled “ Appa rests above the transfer door 109 . As a non - limiting 
ratuses and Methods for Mechanical Shielding and Cool - example , the spent nuclear fuel canister 403 may rest on the 
ing , " which is hereby incorporated by reference in its support rails 119 of the transfer door 109 . Due in part to the 
entirety . The solid shield may extend from the exterior side protrusion of the spacing components 115 , annular regions 
wall of the transfer cask body 103 . 60 may be defined by the spacing components 115 , the exterior 

Turning now to FIG . 3 , shown is a drawing of a non - side wall of the canister 403 , and the interior wall of the 
limiting example of the inlet ring 106 of the transfer cask transfer cask 100 . The annular regions create annular air 
100 according to various embodiments . The inlet ring 106 is passageways permitting convective air flow such that the air 
designed to securely fit around the bottom end of the transfer that is received at the inlet openings of the inlet rings will be 
cask body 103 . As such , the top surface of the inlet ring 106 65 guided to the annular air passageways and rise over and 
is coupled to the bottom end of the transfer cask body 103 . above the closure lid for discharge at the top end of the 
The bottom surface of the inlet ring 106 is comprised with transfer cask 100 . Heat emitted from the spent nuclear fuel 
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canister 403 will be transferred to the rising air within the enters the annular regions defined by the spent nuclear fuel 
annular regions and released at the opening 102 at the top canister 403 , transfer cask 100 , and spacing components 
end of the transfer cask 100 . 115 , the air will rise by convection . The thermal energy / heat 

Turning now to FIG . 6 , shown is a drawing of a non - emitted from the spent nuclear fuel within the spent nuclear 
limiting example of a cross - sectional view of the transfer 5 fuel canister 403 will be transferred to the air within the 
cask 100 including the spent nuclear fuel canister 403 annular regions , thereby passively cooling the spent nuclear 
showing convective air flow according to various embodi - fuel . 
ments . The cross - section is of the portion of the transfer cask At reference numeral 809 , the fuel canister is conditioned 
100 illustrated by reference numeral 6 in FIG . 1 . As illus - and properly sealed prior to transfer to a transport or storage 
trated , the air enters the air inlets 118 near the lower end of 10 canister . During the conditioning and sealing process , the 
the transfer cask 100 . The air will be guided into the annular transfer cask 100 will continue to passively cool by the air 
region defined by the area between the spacing components naturally received at the air inlets 118 that rises by convec 
115 , the exterior sidewall of the spent nuclear fuel canister t ion through the annular regions within the interior of the 
403 , and the interior sidewall of the transfer cask 100 . Once transfer cask 100 , via the heat emitted from the spent nuclear 
the air enters the annular region , the air rises as the thermal 15 fuel . Since the transfer cask 100 is configured to cool the 
energy emitted from the spent nuclear fuel canister 403 spent nuclear fuel and shield emitted radiation , the condi 
enters the defined annular regions within the interior of the tioning and sealing process contains a reduced risk of 
transfer cask 100 . The air rises by convection and exits exposure . Additionally , due to the continual air flow which 
through the opening 102 of the top end of the transfer cask cools the spent nuclear fuel , the spent nuclear fuel may not 
100 over the sealed spent nuclear fuel canister 403 . 20 increase to unsafe temperature ranges requiring the spent 
Moving on to FIG . 7 , shown is a drawing of a non - nuclear fuel to be returned to the nuclear fuel pool . 

limiting example of the transfer cask 100 including the spent At reference numeral 812 , the transfer cask 100 is sus 
nuclear fuel canister 403 where the transfer cask 100 is pended over the transport or storage cask 703 ( FIG . 7 ) for 
suspended above a transport or storage cask 703 for transfer transfer of the spent nuclear fuel canister 403 . As the spent 
according to various embodiments of the disclosure . The 25 nuclear fuel canister 403 is transferred to the transport or 
transfer cask 100 is suspended over the transfer or storage storage cask 703 , the air will continue to flow and rise by 
cask 703 by a lifting device 706 which is attached to the convection within the transfer cask 100 until the spent 
lifting components 112 of the transfer cask 100 . The transfer nuclear fuel canister 403 has been fully inserted into the 
door 109 is opened so that the spent nuclear fuel canister 403 transport or storage cask 703 . 
may be inserted into the transfer or storage cask 703 which 30 With reference to FIG . 9 , shown is a flowchart that 
is designed to properly cool the heat and shield the radiation provides one example of passively cooling the spent nuclear 
emitted from the spent nuclear fuel canister 403 . Due to the fuel of various embodiments of the present disclosure . It is 
design of the transfer cask 100 , the air is naturally received understood that the flowchart of FIG . 9 merely provides 
at the air inlets 118 ( FIGS . 1 - 6 ) of the inlet ring 106 ( FIGS . examples of the many different types of functional arrange 
1 - 6 ) and guided into the annular regions . The air will rise by 35 ments that may be employed to implement the operation of 
convection via the heat emitted from the spent nuclear fuel the methods as described herein . 
within the spent nuclear fuel canister 403 and discharge from At reference numeral 903 , air is naturally received at air 
the opening 102 at the top end of the transfer cask 100 . inlets 118 ( FIGS . 1 - 6 ) of a transfer cask 100 ( FIGS . 1 - 2 and 

With reference to FIG . 8 , shown is a flowchart that 4 - 7 ) . At 906 , as air enters the air inlets 118 at the exterior 
provides one example of a method 800 of various embodi - 40 surface of the inlet ring 106 , the air travels , via the air inlets 
ments of the present disclosure . It is understood that the 118 to the interior surface of the inlet ring 106 into the lower 
flowchart of FIG . 8 merely provides examples of the many end of the annular regions formed by the interior side wall 
different types of functional arrangements that may be of the transfer cask 100 , the exterior side wall of the spent 
employed to implement the operation of the methods as nuclear fuel canister 403 ( FIGS . 4 - 7 ) , and the spacing 
described herein . 45 components 115 ( FIGS . 1 - 2 and 4 - 6 ) protruding from the 

At reference numeral 803 , a transfer cask 100 ( FIGS . 1 - 2 interior wall of the transfer cask body 103 ( FIGS . 1 - 2 and 
and 4 - 7 ) including a spent nuclear fuel canister 403 ( FIGS . 4 - 5 ) . At reference numeral 909 , as the air enters the annular 
4 - 7 ) having spent nuclear fuel disposed within is lifted out regions defined by the spent nuclear fuel canister 403 , 
of the transfer area of the spent nuclear fuel transfer pool . transfer cask 100 , and spacing components 115 , the air will 
The transfer cask 100 may be lifted out of the spent nuclear 50 rise by convection . The thermal energy / heat emitted from 
fuel pool via a lifting device 706 ( FIG . 7 ) that is attached to the spent nuclear fuel within the spent nuclear fuel canister 
the lifting components 112 ( FIGS . 1 - 2 , 4 - 5 , and 7 ) of the 403 will be transferred to the air within the annular regions , 
transfer cask 100 . As the transfer cask 100 is lifted from the thereby passively cooling the spent nuclear fuel . 
nuclear fuel pool , any water from the nuclear fuel pool that At reference numeral 912 , the air is dispersed out of the 
is within the interior channel defined by the interior side 55 opening at the top of the transfer cask 100 as the air reaches 
walls of the transfer cask 100 may naturally drain out of the the top of the spent nuclear fuel canister 403 . In some 
transfer cask 100 via the annular regions and air inlets 118 embodiments , the closure lid of the spent nuclear fuel 
( FIGS . 1 - 6 ) of the inlet ring 106 ( FIGS . 1 - 6 ) . canister 403 may be below the level of the top of the transfer 
At reference numeral 806 , the spent nuclear fuel may be cask 100 . As such , the air may exit the defined annular 

passively cooled via the air naturally received at the air inlets 60 regions and rise over and / or above the closure lid of the 
118 on the exterior surface of the inlet ring 106 . The air is spent nuclear fuel canister 403 and out of the opening 102 
guided to the interior surface of the inlet ring 106 into the at the top end of the transfer cask 100 . 
lower end of the annular regions formed by the interior side A lthough the flowcharts of FIGS . 8 and 9 show a specific 
wall of the transfer cask 100 , the exterior side wall of the order of execution , it is understood that the order of execu 
spent nuclear fuel canister 403 , and the spacing components 65 tion may differ from that which is depicted . For example , the 
115 ( FIGS . 1 - 2 and 4 - 6 ) protruding from the interior wall of order of execution of two or more steps may be scrambled 
the transfer cask body 103 ( FIGS . 1 - 2 and 4 - 5 ) . As the air relative to the order shown . Also , two or more steps shown 
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in succession in FIGS . 8 and 9 may be executed concurrently and wherein the inlet ring comprises the air inlets such that 
or with partial concurrence . Further , in some embodiments , the air inlets extend from an exterior surface of the inlet ring 
one or more of the steps shown in FIGS . 8 and 9 may be to an interior surface of the inlet ring . 
skipped or omitted . 10 . The transfer cask system of claim 1 , wherein the first 

It should be emphasized that the above - described embodi - 5 cylindrical container is removably disposed within the sec 
ments of the present disclosure are merely possible ond cylindrical container . 
examples of implementations set forth for a clear under 11 . The transfer cask system of claim 1 , further compris 
standing of the principles of the disclosure . Many variations ing a neutron shield situated at an exterior of the second side and modifications may be made to the above - described wall of the second cylindrical container . embodiment ( s ) without departing substantially from the 10 12 . A transfer cask system that implements passive cool spirit and principles of the disclosure . All such modifications ing , comprising : and variations are intended to be included herein within the a first elongated cylindrical container having a first annu scope of this disclosure and protected by the following 
claims . lar side wall that defines a first interior extending from 

Therefore , the following is claimed : a first top to a first closed bottom , the first interior 
1 . A transfer cask system that implements passive cooling , containing spent nuclear fuel ; 

the transfer cask system comprising : a second elongated cylindrical container having a second 
a first cylindrical container having a first side wall that annular side wall that defines a second interior extend 

defines a first interior channel extending from a first top ing from a second top to a second bottom end , the 
to a first closed bottom , the first interior channel 20 second interior containing the first elongated cylindri 
containing spent nuclear fuel ; cal container , the second annular side wall being spaced 

a second cylindrical container having a second side wall from the first annular side wall to define an elongated 
that defines a second interior channel extending form a cylindrical annular air passage , and the second elon 
second top to a second bottom end , the second interior gated cylindrical container having air inlets near the 
channel containing the first cylindrical container , the 25 second bottom end and an opening near the second top 
second side wall being spaced from the first side wall that permit air to flow from the air inlets , through the 
to define an annular air passage , the second cylindrical elongated cylindrical annular air passage , and to the 
container having air inlets near the second bottom end opening to thereby remove heat by convection from the 
and an opening at the second top that permit air to flow first elongated cylindrical container ; 
from the air inlets , through the annular air passage , and 30 an annular neutron shield associated with the second 
to the opening to thereby remove heat by convection annular side wall , the annular neutron shield designed 
from the first cylindrical container ; and to absorb heat produced by the first elongated cylin 

a transfer door situated at the second bottom end of the drical container ; and 
second cylindrical container , the transfer door being a transfer door positioned at the second bottom end of the 
configured to open and close , and the transfer door 35 second elongated cylindrical container , the transfer 
comprising one or more support rails configured to door being configured to open and close , and the 
support the first cylindrical container resting on the one transfer door comprising one or more support rails 
or more support rails . configured to support the first elongated cylindrical 

2 . The transfer cask system of claim 1 , wherein the second container resting on top of the one or more support 
cylindrical container comprises a transfer cask , the first 40 rails . 
cylindrical container comprises a spent nuclear fuel con 13 . The transfer cask system of claim 12 , wherein the 
tainer , and the transfer cask is configured to transfer the annular neutron shield is a liquid neutron shield . 
spent nuclear fuel container from wet storage to dry storage . 14 . The transfer cask system of claim 12 , wherein indi 

3 . The transfer cask system of claim 1 , further comprising v idual ones of the air inlets extend from an exterior surface 
a plurality of spacing components protruding from the 45 of the second elongated cylindrical container to an interior 
second side wall into the second interior channel , wherein surface of the second elongated cylindrical container . 
the spacing components generate a gap between the second 15 . The transfer cask system of claim 12 , wherein the 
side wall and the first side wall . second elongated cylindrical container comprises an inlet 

4 . The transfer cask system of claim 3 , wherein the ring disposed near the second bottom end of the second 
spacing components extend from about the second bottom 50 elongated cylindrical container , and wherein the inlet ring 
end to about the second top . forms the air inlets such that the air inlets extend from an 

5 . The transfer cask system of claim 1 , further comprising exterior surface of the inlet ring to an interior surface of the 
a liquid neutron shield situated within the second side wall inlet ring . 
of the second cylindrical container . 16 . The transfer cask system of claim 12 , wherein the 

6 . The transfer cask system of claim 5 , wherein the liquid 55 second elongated cylindrical container comprises a transfer 
neutron shield is designed to absorb heat emitted from the cask and the first elongated cylindrical container comprises 
first cylindrical container . a spent nuclear fuel container , and the transfer cask is 

7 . The transfer cask system of claim 5 , wherein the liquid configured to transfer the spent nuclear fuel container from 
neutron shield is designed to shield radiation generated wet storage to dry storage . 
within the first cylindrical container . 60 17 . The transfer cask system of claim 9 , wherein the 

8 . The transfer cask of claim 1 , wherein individual ones transfer door is coupled to the inlet ring , and the inlet ring 
of the air inlets extend from an exterior surface of the second further comprises positioning slots configured to engage 
cylindrical container to an interior surface of the second with the one or more support rails . 
cylindrical container . 18 . The transfer cask system of claim 15 , wherein the 

9 . The transfer cask system of claim 1 , wherein the second 65 transfer door is coupled to the inlet ring , and the inlet ring 
cylindrical container comprises an inlet ring disposed near further comprises positioning slots configured to engage 
the second bottom end of the second cylindrical container , with the one or more support rails . 
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19 . The transfer cask system of claim 1 , wherein the 
second cylindrical container comprises one or more lifting 
components extending outwardly from an upper portion of 
an exterior of the second cylindrical container . 

20 . The transfer cask system of claim 12 , wherein the 5 
second elongated cylindrical container comprises one or 
more lifting components extending outwardly from an upper 
portion of an exterior of the second elongated cylindrical 
container . 
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